Sarcomatoid carcinoma (SC) is a variant of head and neck squamous cell carcinoma characterized by a prominent and sometimes exclusive spindle cell component. Distinction from a sarcoma or reactive stroma can be problematic, particularly in cases in which the conventional component is not obvious. The value of immunohistochemistry is limited because of the loss of cytokeratin expression in a sizable percentage of cases. Staining for p63 can enhance detection of epithelial differentiation, but its usefulness is offset by expression in various soft tissue proliferations. Staining for p40-a squamous-specific isoform of p63-could potentially improve diagnostic accuracy. Immunohistochemistry for pancytokeratin, p63, and p40 was performed on 37 head and neck SCs, 201 soft tissue neoplasms, and 40 reactive stromal proliferations. The SCs were also stained for p16 in the event that some of the tumors were human papillomavirus (HPV) related. HPV in situ hybridization was performed on p16-positive cases. Twenty-three of 37 (62%) SCs were positive for pancytokeratin, 23 of 37 (62%) were positive for p63, and 20 of 37 (54%) were positive for p40. Compared with p63, p40 staining was less likely to be observed in soft tissue tumors (5% vs. 30%) and reactive stromal proliferations (0% vs. 30%). HPV16 was detected in 3 of 10 (30%) SCs of the oropharynx but in none of the nonoropharyngeal SCs. p40 staining does not improve the sensitivity for diagnosing SC, but it does diminish the risk of misdiagnosing a sarcoma or reactive stroma as SC. The presence of a sarcomatoid variant of HPVrelated oropharyngeal cancer points to HPV testing as a useful diagnostic tool for atypical spindle cell proliferations of the oropharynx.
S arcomatoid carcinoma (SC) of the upper respiratory tract is a distinct variant of squamous cell carcinoma trademarked by a prominent or even exclusive spindle cell component. [1] [2] [3] Despite the mesenchymal appearance of the spindle cell component, it is of surface epithelial origin. 4 The diagnosis of SC is uniquely challenging. At one extreme, the spindle cell proliferation may closely resemble a reactive fibroblastic proliferation and be mistaken for a pseudosarcomatous reaction to an associated carcinoma or to radiation. 5 At the other extreme, the spindle cell proliferation may be mistaken for a true sarcoma. 3 In both these instances, distinction of SC from a mesenchymal process rests on the demonstration of epithelial differentiation. Although the presence of an associated conventional squamous cell carcinoma is extremely helpful, up to one third of SCs are entirely spindled. 4, [6] [7] [8] Immunohistochemistry is widely used as a tool to identify epithelial differentiation in the spindle cells, but its value is limited by problems related to sensitivity and specificity. Anywhere from 17% to 74% of SCs are cytokeratin negative 4, [6] [7] [8] [9] ; and cytokeratin is intrinsically or aberrantly expressed in various soft tissue neoplasms [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] and reactive stromal proliferations. 4, 9, 20 P63 is a transcription factor that is consistently expressed in normal squamous epithelium and in squamous cell carcinoma. Retention of p63 staining in some carcinomas that have undergone sarcomatoid change has prompted its use as an epithelial marker for the diagnosis of SC in the head and neck 9 and other organs. [21] [22] [23] [24] [25] The enhanced sensitivity of p63 staining is offset to some degree by its occasional staining of various soft tissue neoplasms and uncertainty regarding the staining of reactive stromal proliferations. 9, 26, 27 Whereas the p63 antibody that is most commonly used in diagnostic practices (ie, p63 4A4) recognizes both the DNp63 and TAp63 isoforms of the p63 molecule, p40 is an antibody that recognizes only the squamous-specific isoform DNp63. 28 In certain diagnostic scenarios in which the recognition of squamous differentiation in a poorly differentiated neoplasm is critical, p40 staining is more reliable than p63 staining. [29] [30] [31] [32] [33] [34] Potentially, p40 immunohistochemistry could help distinguish SC from reactive and neoplastic mesenchymal proliferations of the head and neck.
Human papillomavirus (HPV) is a well-recognized cause of most squamous cell carcinomas arising from the oropharynx. [35] [36] [37] In these HPV-related head and neck cancers, the presence and distribution of HPV can readily be visualized by DNA in situ hybridization and/or p16 immunohistochemistry-a reliable surrogate marker for the presence of HPV. 38, 39 Importantly, the presence of HPV persists, even as a tumor clinically progresses or undergoes phenotypic shifts. For example, HPV is consistently detected in HPV-related cancers that recur, sometimes long after treatment of the primary tumor, 40, 41 and it is detected in HPV-related carcinomas that have undergone transformation to small cell carcinoma. 42, 43 Recently, Watson et al 44 detected HPV in 2 SCs of the head and neck, suggesting that HPV testing could also be used as an ancillary diagnostic tool in the evaluation of spindle cell lesions of the head and neck.
METHODS

Cases
The surgical pathology files of The Johns Hopkins Hospital were searched for cases of SC with available tissue blocks or unstained slides. Slides were reviewed to confirm the diagnosis. To ensure inclusion of only true SCs, only biphasic carcinomas having both a malignant spindle cell component and a component of conventional invasive squamous cell carcinoma and/or squamous dysplasia were included.
The nonepithelial lesions included a variety of soft tissue sarcomas and reactive stromal proliferations. Four tissue microarrays (TMAs) containing various malignant soft tissue neoplasms resected at The Johns Hopkins Hospital were previously constructed from formalin-fixed paraffin-embedded tissue blocks. The TMAs included 27 pleomorphic undifferentiated sarcomas, 27 Ewing sarcomas, 26 Kaposi sarcomas, 15 liposarcomas, 14 leiomyosarcomas, 9 angiosarcomas, 8 low-grade fibromyxoid sarcomas, 8 rhabdomyosarcomas (7 embryonal and 1 pleomorphic), 5 chondrosarcomas, 4 malignant peripheral nerve sheath tumors, 3 clear cell carcinomas, 2 acral myxoinflammatory fibroblastic sarcomas, 1 fibrosarcoma, and 1 malignant ossifying fibromyxoid tumor. These TMA cases were supplemented by formalin-fixed and paraffin-embedded tissue blocks from an additional 53 soft tissue neoplasms including 13 inflammatory myofibroblastic tumors, 8 synovial sarcomas, 7 undifferentiated pleomorphic sarcomas, 6 leiomyosarcomas, 3 schwannomas, 2 angiosarcomas, 2 embryonal rhabdomyosarcomas, 2 low-grade fibromyxoid sarcomas, and 1 osteosarcoma. Forty cases of reactive stromal proliferations of the head and neck were also included and ranged from granulation tissue (n = 16), radiation fibroblasts (n = 12), nodular fasciitis (n = 9), and inflammatory sinonasal polyps with atypical stromal cells (n = 3).
Immunohistochemistry
Immunohistochemistry was performed on 5-mmthick sections prepared from formalin-fixed and paraffin-embedded blocks using the standard autostaining protocols on a Ventana Benchmark XT autostainer (Ventana Medical Systems Inc., Tucson, AZ). The primary antibodies were: p40 (Ab-1; Oncogene Research Products, Cambridge, MA; 1:2000 dilution); p63 (4A4; BioCare Medical, Concord CA; prediluted by manufacturer); pancytokeratin AE1/AE3 (pck-26; Ventana; prediluted by manufacturer); and p16 (INK4a; Ventana; prediluted by manufacturer). AE1/AE3 was utilized because it has usually been shown to be the most sensitive cytokeratin immunostain that is widely available for the diagnosis of head and neck sarcomatoid carcinoma. 6, 7 For p40 and p63, nuclear reactivity was regarded as positive, and for pancytokeratin only cytoplasmic staining was considered positive. Staining in <5% of tumor cells was regarded as "focal," whereas positivity in Z5% was regarded as "nonfocal." For p16, nuclear and cytoplasmic staining in at least 70% of tumor cells was regarded as positive. 39 
In Situ Hybridization
To confirm HPV status, HPV16 DNA in situ hybridization using the type 16-specific catalyzed signal amplification method for biotinylated probes (Dako GenPoint, Carpinteria, CA) was performed on each p16positive SC. A positive result was defined as the detection of punctate signals within tumor nuclei. The SiHa and CaSki cell lines served as positive HPV16 controls.
RESULTS
Of the 47 SCs identified, 37 were biphasic. The results of these 37 biphasic SCs are summarized in Table 1 . In all, 26 of 37 (70%) SCs were positive for at least 1 of the 3 epithelial markers ( Fig. 1 ). P40 immunoreactivity was observed in the spindled cell component of 20 (54%) SCs. The staining was focal in 3 cases and nonfocal in 17 cases. P63 staining was observed in 23 (62%) cases (nonfocal staining = 17; focal staining = 6). Pancytokeratin staining was observed in 23 (62%) cases (nonfocal staining = 21; focal staining = 2). All cases that were p40 positive were also positive for p63 and pancytokeratin. Three cases were p63 positive but p40 negative. In these p40-negative/p63-positive cases, p63 staining was focal and pancytokeratin was negative. Three SCs were pancytokeratin positive but negative for both p63 and p40.
The results of immunohistochemical analysis of various soft tissue neoplasms and reactive stromal proliferations are summarized in Table 2 . In soft tissue neoplasms, p40 staining was observed in only 9 of 201 (4%) cases. P40 positivity was seen in 4 of 27 (15%) Ewing sarcomas, 1 of 7 (14%) epithelioid sarcomas, 1 of 8 (13%) synovial sarcomas, 1 of 11 (9%) angiosarcomas, 1 of 20 (5%) leiomyosarcomas, and 1 of 34 (3%) pleomorphic undifferentiated sarcomas. P40 staining was focal in 7 soft tissue neoplasms, and it was nonfocal in 2 Ewing sarcomas. P40 immunostaining was not observed in any of the 40 reactive stromal proliferations. P63 immunostaining was observed in 60 of 201 (30%) soft tissue neoplasms (Fig. 2) . P63 positivity was observed in 1 of 1 (100%) osteosarcoma, 2 of 3 (67%) cellular schwannomas, 2 of 4 (50%) malignant peripheral nerve sheath tumors, 5 of 10 (50%) low-grade fibromyxoid sarcomas, 9 of 20 (45%) leiomyosarcomas, 6 of 15 (40%) liposarcomas, 13 of 34 (38%) pleomorphic undifferentiated sarcomas, 3 of 8 (38%) synovial sarcomas, 10 of 27 (37%) Ewing sarcomas, 3 of 10 (30%) rhabdomyosarcomas, 3 of 11 (27%) angiosarcomas, 1 of 7 (14%) epithelioid sarcomas, 1 of 13 (8%) inflammatory myofibroblastic tumors, and 1 of 26 (4%) Kaposi sarcomas. P63 staining was focal in 26 cases and nonfocal in 34 cases including 9 pleomorphic undifferentiated sarcomas, 7 leiomyosarcomas, 4 Ewing sarcomas, 4 liposarcomas, 2 low-grade fibromyxoid sarcomas, 2 schwannomas, 1 angiosarcoma, 1 malignant peripheral nerve sheath tumor, 1 Kaposi sarcoma, 1 epithelioid sarcoma, 1 osteosarcoma, and 1 rhabdomyosarcoma. Focal p63 staining was observed in 12 of 40 (30%) reactive stromal proliferations including 9 of 16 (56%) cases of granulation tissue and 3 of 12 (25%) cases of fibroblastic proliferations with radiation atypia (Fig. 3) .
P16 positivity was observed in 4 of 37 (11%) SCs including 3 of 11 (27%) SCs of the oropharynx and 1 of 26 (4%) SCs of nonoropharyngeal sites. DNA in situ hybridization confirmed the presence of HPV16 in the 3 p16-positive oropharyngeal SCs (Fig. 4) , but HPV was not detected in the p16-positive nonoropharyngeal SC. In the HPV-related SCs, HPV was identified in both the conventional and spindle cell components.
DISCUSSION
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Am J Surg Pathol Volume 38, Number 2, February 2014 p40, p63, and HPV in ENT Sarcomatoid Carcinomas ranged from 50% to 75%. 2 In our evaluation of 37 biphasic SCs, cytokeratin staining of the spindle cell component was entirely negative in 38% of the cases. Clearly, the absence of cytokeratin staining does not exclude the diagnosis of SC. Conversely, the presence of positive cytokeratin staining in an atypical spindle cell proliferation does not necessarily confirm a diagnosis of SC. Focal positive staining should be interpreted with extreme caution given that many sarcomas and even pseudosarcomatous stromal proliferations aberrantly express cytokeratin. 10, 12, 16 For example, we have previously noted that 17% of radiation-induced stromal atypias are focally cytokeratin positive. 4 P63 is a p53 homolog that is consistently expressed in normal squamous epithelium and in squamous cell carcinoma. As p63 staining is sometimes retained in carcinomas that have undergone sarcomatoid change, some have advocated its use as an alternative epithelial marker in head and neck SCs. Lewis et al 9 reported that p63 staining increased the detection rate of epithelial differentiation by over 30% compared with cytokeratin stain-ing alone. Despite such early promise, we found that p63 staining is only of limited value in discerning epithelial derivation and at times may even undermine the diagnostic process. In our study, addition of p63 staining was not sufficiently sensitive to expand the detection of epithelial staining compared with pancytokeratin staining alone. Both markers were positive in 30% of the cases. There were only 3 cytokeratin-negative cases that were p63 positive, and in these 3 cases p63 staining was focal. This added benefit of including p63 staining to enhance detection of epithelial derivation in a small subset of cases is offset by the repeated finding of p63 staining in various mesenchymal processes. Jo and Fletcher 26 first reported p63 staining in a small subset of soft tissue tumors, and our study further expands the breadth of p63 positivity across a broadening spectrum of soft tissue tumor types. Importantly, p63 staining is not limited to neoplastic proliferations. Focal p63 staining was a common finding in granulation tissue and in atypical fibroblastic proliferations after radiation therapy-reactive processes that are notoriously difficult to distinguish from some forms of SC. Owing to suboptimal specificity, the separation of SCs and mesenchymal proliferations solely on the basis of p63 staining is ill advised.
Whereas the p63 antibody detects both main isoforms of the p63 molecule, the p40 antibody detects only the squamous-specific isoform DNp63. 28 Accordingly, p40 expression shows a more restricted distribution that is mostly confined to squamous epithelium and squamous cell carcinomas. We were able to confirm that p40 expression in soft tissue lesions is very limited: p40 staining was observed in only 4% of soft tissue neoplasms and in none of the reactive stromal proliferations. Compared with p63 staining, p40 staining in a suspected SC provides much more compelling evidence of squamous differentiation. Inopportunely, p40 expression is not invariably retained, as a squamous cell carcinoma undergoes sarcomatoid transformation. P40 staining was slightly less sensitive than pancytokeratin staining (54% vs. 62%), and there were no instances in which p40 staining confirmed epithelial differentiation in an SC that was pancytokeratin negative. The value of adding p40 to the immunohistochemical evaluation of a suspected SC is primarily in diminishing the risk of mistaking a mesenchymal lesion for an SC.
The rationale for HPV analysis as a tool for diagnosing SC is supported by the observations that: (1) the incidence of HPV-related oropharyngeal squamous cell cancer has been increasing by 11% over the last 2 decades, even as the incidence of HPV-unrelated head and neck cancer has stabilized 45 ; (2) HPV persists in a tumor, even when the tumor undergoes morphologic transformation such as the shift from a non-small cell to a small cell phenotype 42, 43 ; and (3) HPV has recently been detected in 2 cases of SC. 44 Using an HPV detection approach that incorporates p16 immunohistochemical staining together with HPV16 DNA in situ hybridization, HPV was identified in both the conventional and spindle cell components of 3 (10%) SCs. This approach was particularly useful in the oropharynx-the site most commonly targeted by high-risk HPV-where HPV was detected in 30% of the SCs. The strict epitheliotropism of HPV infection confirms the epithelial nature of the spindle cell component in a way that cannot be matched by various immunohistochemical epithelial markers that are inevitably expressed in various reactive and neoplastic mesenchymal processes.
In their review of SCs of the upper aerodigestive tract, Batsakis and Suarez 2 sagaciously recommended the term "pseudosarcomatous proliferative lesion" as an interim diagnosis for the sizeable number of atypical spindle cell proliferations in which histologic and immunohistochemical evidence is insufficient to establish a definite diagnosis of SC. Over the ensuing decade, the availability of additional immunohistochemical markers such as p63 and p40 has done little to substantiate epithelial differentiation in these morphologically complex tumors. In contrast, HPV detection assays may be useful in "closing the diagnostic loop" on these difficult lesions, at least for a subset of tumors arising in the oropharynx.
